Alteration in intracellular calcium homeostasis reduces motor neuronal viability expressing mutated Cu/Zn superoxide dismutase through a nitric oxide/guanylyl cyclase cGMP cascade.
Missense mutations in the human Cu/Zn superoxide dismutase gene (SOD-1) cause many cases of autosomal dominant familial amyotrophic lateral sclerosis (FALS). The accumulation of intracellular calcium is one of the primary mechanisms of motor neuronal degeneration associated with mutations in SOD-1. In order to investigate the effect of various calcium modulators and the SOD-1 mutation on neuronal death, we tested motoneuron-neuroblastoma hybrid (VSC 4.1) cells constitutively expressing human SOD-1 gene with mutations (A4V, G93A) or wild-type. These cells were treated with endogenous calcium releaser (ryanodine, thapsigargin, cyclic ADP-ribose) or calcium mobilizer through cell membrane (4-bromo-calcium ionophore A23187). In particular, calcium ionophore reduced survival in the cells expressing mutant SOD-1. Cell death was associated with increased nitric oxide (NO) generation. This toxicity was attenuated when a nitric oxide synthase (NOS) inhibitor was added. Exogenous NOadministration (S-nitrosoglutathione) also induced cell death. The NO-dependent guanylyl cyclase-cGMP cascade inhibitor protected the mutant cells from the toxic effects of calcium ionophore. Our data suggests that motoneuron degeneration with the SOD-1 mutation may be mediated by calcium dysregulation, particularly by the exogenous calcium influx. This process induces oxidative stress generation that results in motor neuronal death through the guanylyl cyclase-cGMP dependent cascade.